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RESOLUTION LIMITATIONS AND OPTIMIZATION OF THE ITT F4157
STREAK TUBE FOCUS FOR FAST (10 p3) OPERATION

UCID--21258
ABSTRACT

DE88 003727

The ITT F4157 image tube is biased at voltages far from the originai
design for operation in an ultrafast (10 ps) streak camera. Its output
resolution at streak camera operating potentials has been measured as a
function of input siit width, incident-1ight wavelength, and focus-grid
voltage. The results are similar to those reported for the RCA C73435 streak
tube. Indeed, the two tubes can be substituted for each other with minor
mechanical modifications. The temporal resolution is insensitive to
focus-grid voltage for a narrow (50 pym) input slit, but is very sensitive to
focus-grid voltage for a wide (500 ym) input slit. Spatial resolution is
nearly independent of focus-grid voitage for values that give good temporal
resolution. Both temporal and spatial resolution depend on the incident-1ight
wavelength. Streak camera operation is simulated with a computer program that
calculates photoelectron trajectories. Electron ray tracing describes the

observed effects of s1it width, incident-1ight wavelength, and focus-grid

voltage on the output resolution.

1. INTRODUCTION

Most streak cameras used by L-Division are of the EGAG design and
incorporate efther an ITT F4157 or RCA C73435 streak tube. These tubes are
biased at their design voltages. Input to these cameras is typically via
proximity coupled optical flbers with 50-um core diameters. It has become

Increasingly important to improve the performance of these field cameras to
)
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record signals with bandwidths greater than 5 GHz. The bandwidth of the
present cameras is limited by the transit-time spread of the photoelectrons
passing through the tube. In the Laser Program's ultrafast streak cameras,
which use the RCA (73435 streak tube, the electric field strength at the
photocathade surface is increased by rebiasing the tube far from the original

design voltages.] This significantly reduces the electron transit-time

spread.

The increased bandwidth requirement and knowledge of the RCA tube
operating characteristics caused us to carefully examine the effect of slit
width, focus-grid voltage, and incident-1ight wavelength on the ITT streak
tube resolution under operating conditions similar to the Laser Program's
streak camera. MWe used computer modeling, static measurements, and dynamic
measurements to develop an understanding of the focusing properties of the ITT
streak tube operating as a fast streak tube. An electron ray tracing computer
program was used to model the streak tube operation. The results of the
modeling helped establish the range of bias voltages used for our experimental
measurements. The computer simulations predict the measured static charac-
teristics and help us visualize the focusing properties of the tube. Static
measurements adeguately describe all of the focusing properties of the
camera. They are used to predict the dynamic respo~se of the camera to short
(1 ps) laser pulses. An understanding of these focusing properties aliows us
to recognize the limitations of the tube and to optimize its resolution for

specific applicaticns.



2. TYPICAL STREAK CAMERA OPERATION

For this study, an ITT tube was placed in a standard Laser Program
optical streak camera iike the one shown schematically in Fig. 1. Incident
light passes through band-pass and attenuvating fitters, then through a slit
aperture. The slit is imaged onto the photocathode of the streak tube by a

1:1 relay lens. Emitted photoetectrons are accelerated and focused onto the
tube's phosphor screen. Deflection plates sweep the image across the screen
to provide 3 positional variation in intensity that corresponds to the time
variation of the 1ight intensity at the photocathode. A proximity focused
microchannel plate (MCP) image intensifier tube (IIT) provides signal

ampiification for permanent recording with a CCD readout system.

2.1. BIAS VOLTAGE

The ITT F4157 tube {s designed to operate as a streaked image tube.2
It 1s cylindrically symmetric except for the gating grid (grid 1) and the
deflection plates. The gating grid is a disk with a 2-mm by 30-mm slot spaced
7 mm from the photocathode. The tube was designed to operate with its gating
grid, two focus grids (grids 2 and 3), and anode nominally set at the voltages
1isted in Table 1.3 Removal of the gating grid has no effect on the image
quality of the tube because it follows an equipotential surface of the tube
built without it. The cathode, focus grids, and anode form a spherical lens

that images photoelectrons from the photocathode to the phosphor screen.
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Table 1. Nominal ITT F4157 image tube operating voltages.

Streaked ~ Fast

Electrode Image mode Streak Mode

(volts (volts)
Cathode 0 0
Grid 1 (gating grid) 150 2,250
Grid 2 (focus gridd 400 2,050
Grid 3 (focus grid) 1,600 900
Anode 15,000 15,000

Photoelectron transit-time spread through the tube 1imits the tempora?l
resolution. It is inversely proportional tc the electric field strength at
the photocathode surface. For fast streak camera operation the extraction
field is increased by applying a larger bias voltage between the gating grid
and the photocathode. The gating grid now functions as an extraction grid.
This destroys the axial symmetry of the electric field in the space around
the extraction grid and forms a diverging, cylindrical lens for the

4 A1l photoelectrons except those originating in a narrow

photoelectrons.
strip of the photocathode in the center of the s1it are deflected away from
their normal paths through the anode aperature. The focus grid potentials
are adjusted to form the stronger positive lens required to focus the image
of the input s1it onto the phosphor screen. Typical bias voltages used in
this camera are l1sted in Table 1. (All voltages in this paper are
referenced to the photocathade.) Figure 2 shows selected equipotential

1ines near the gating grid for normal Jmaging and fast streaking operation.
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Figure 2. Plot of the equipotential lines in the region between the
photocathode and the anode aperture. (a) shows streaked image mode
operation with grid 1, grid 2, grid 3, and anode set at 0.15, 0.40, 1.6, and
15.0 kV, respectively. Equipotential lines are drawn at 30-volt intervals
between the photocathode and grid 1, and at 1.5 kV intervals between grid )
and the anode. (b) shows fast streak mode operation with grid 1, grid 2,
grid 3, and the anode set at 2.25, 2.05, 0.9, and 15.0 kV, respectively.
Eguipotential lines are drawn at 500 volt intervals between the photocathode
and grid 1V, and at 1.5 kV intervals hetween grid 1 and the anocde. Note the
cylindrical lens formed near grid 1.




2.2. STREAK CAMERA PREPARATION

The ITT tube used in this work has a fibar optic input plate and an S20
photocathode. To fit it into the Laser Program's streak camera required two
minor mechanical modifications: a slight enlargement of the hole in the
back plate and the addition of spacers between the front plate and the relay
lens. For static characterization of the camera with the ITT tube, three
separate, vartable power supplies were used to bias the three grids. Grid
voltages were monitored with electrostatic voltmeters. For dynamic
measurements, the streak camera was operated with its normal high voltage
supply and deflection circuit. Since the normal power supply has provisions
for biasing only one focus grid and focusing is found to be insensitive to

the voltage applied to grid 2, grid 2 was connected to grid 1.
3. STREAK TUBE FOCUSING PROPERTIES

Work to determine the focustng properties of the ITT streak tube was
done in three distinct stages: static measurements, dynamic measurements,
and computer modeling. Static characterization refers to measurements taken
while the streak camera is operating in its “pulsed" mode with the
deflection plates grounded. Static characterization is much easier to
perform than dynamic characterization. 1Its purpose ts to predict the
dynamic response (temporal resolution, spatial resolution, and onset of
saturation) of the streak camera under nearly ideal conditions. The camera
operates at 1ts normal voltages with the IIT gated for 100 ps. The output
image can be formed with input power that varies by several orders of

magnitude and the output image shape is independent of the input temporal



shape. The experimental setup used for statlic characterization is shown in
Fig. 1. For the static resolution measurements reported in this paper, the
1ight source is an incandescent lamp with the appropriate band-pass filter.

A CCD readout was used to enable rapid data amalysis.

3.1. TEMPORAL RESOLUTION

Four factors determine the temporal resolution of a streak camera:
static image width, sweep speed, photoelectron energy spread, and extraction
field strength. The image width Ax and the sweep speed S of the image along

the temporal axis at the output of the tube determine the focus-limited

temporal response Atx which may be written as

Atx = AX/S

The energy spread of photoelectrons simultaneously emitted from the
photocathode results in a temporal spread in their arrival times at the
phosphor screen. The extent of this transit-time spread Att depends on
the electric field strength E at the photocathode surface and the energy
spread of the photoelectrons Ac. For our cameras most of the transit-time

spread occurs while the electrons are near the photocathode and may be written

as

sty =337 xw0wlmie



where Att is in seconds, Ac in eV, and E in volts/cm. The overall time

response of the tube is the focus-limited response added in quadrature with

the transit-time spread, that is

at = [(at )% + (Att)2]”2 3

Responses reported in this paper are given as full-width at half-maximum

(FWHM) values.

The focus-limited temporal response of a streak camera can be estimated
from the static image width and sweep speed using Eq. (1). Figure 3 shows a
typical set of data plotted as a function of two variables: input s1it width
and streak tube focus-grid (grid 3) voltage. The sensitivity of the image
width to focus voltage differs greatly for the two slit widths. The 1mage
width of the 50-um slit is relatively insensitive to the focus voltage
while the image width of the 500-um stit 1s very sensitive to it. At the
optimum wide s1it focus voltage, the image width is insensitive to 1nput
slit width. Data were recorded for grid 2 valtages in the range between
1,450 and 2,500 volts. For both s]it widths the static image width is
insensitive to the voltage applied to the grid 2. Figure 4 shows data
recorded with grid 2 voltages of 1,450 and 2,250 volts. It is the Insensi-
tivity to the voltage applied to grid 2 that allows grid 1 and grid 2 to

operate at the same potential without affecting the temporal performance.

The dynamic response of a camera can be predicted fron static data like
that shown in Fig. 3. It can be determined by measuring its response to a

very short pulse. Measurements were made using 1-ps, 0.605-pm dye laser
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pulses passed through an etalon to produce a set of pulses spaced 296 ps
apart. Figure § shows the dynamic puise width plotted with the predicted
temporal response based on the 0.8-um data shown in Fig. 3 and the sweep

speed value determined from the dynamic data. These predictions include the

effect of a 9-ps transit-time spread estimated from the electric field

strength at the photocathode and an axial photoelectron energy spread of

0.5 eV.
3.2. SPATIAL RESOLUTION

One way to determine the camera's spatial resolution is to measure its
point spread function (PSF). Using static measurements, the PSF was formed
by #1tuminating a2 50~um by 50-ym square aperture with a low Intensity
11ght source. The resulting image width, taken perpendicular to the sweep
direction, is the spatial resolution of the camera. The spatial image width
plotted as a function of the focus-grid voltage (grid 3) is shown in Fig. 6
for 0.8-pm and 0.45-pm 1ight. The data shows the spatial image width to
be insensitive to the focus voltage. Other data show the spatial resolution

to be insensitive to the voltage applied to grid 2.

Computer simulation of the streak tube operation show that the spatial
resolution cf the tube depends on the initial transverse energy distribution
of the photoelectrons. The greater the energy the poorer the resolution.
Poorer resolution is expected for the shorter wavelength light because the
energy available to a photoelectron leaving the photocathode surface is the
difference between the incident photon energy and the work function of the

surface.

-1 -
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A dependence of spatial resolution on photon wavalength was clearly
observed for an RCA tube with an S1 photocathode. It is possible that these
measuremeats for the ITT tube are 1imited by the focusing of the image onto
the photocathode surface, and thus represent a worst case measurement. Data

recently reported for a Thompson 506 streak camera using the ITT tube show a

spatial resolution around 150 pm for O.6-pm tht.5

4. MODELING STREAK CAMERA OPERATION

The streak tube operation was simulated with a computer program to
predict the static operating characteristics of the tube and to determine
bias conditions which might give the resolution and bandwidth needed for the
high-bandwidth project. The modeling shows that the ITT and the RCA tubes

operate in a similar manner and have similar characteristics.

A modified version of Herrmannfeldt's electron trajectory computer
program6 was used to model the effects of s1it width, focus-grid voltage,
and photoelectron energy on the streak tube resolution. Effects due to
space charge and magnetic fields were not investigated. Input to the
program consists of electrode boundary conditions anu initial conditions for
selected electron trajectories. Graphic and tabular output includes elec-
trode profiles, equipotential lines, electron trajectories, and electron
transit times to the phosphor screen. To reduce computational time needed
to run the simulations, a few carefully selected tralectories are used to
represent the spatial and energy distributions of the photoelectrons emitted

from the photocathode.
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The program allows the use of either cylindrical or rectangular
symmetry, but not both. The image tube in streaked operation has
rectangular symmetry between the cathode and extraction grid and makes a
transition to cylindrical symmetry between the extraction grid and the focus
grid. To model tube operation, the extraction grid opening is modeled as a
7-mm wide ring with a 5-mm inner diameter. The electric field distribution
across the ring is nearly identical to that across a rectangular slot of
equal width. The electric field after the extraction grid is virtually
unaffected by the modeling of the slot. The analysis of the temporal and

spatial focusing properties of the tube are treated as separate problems.

4.1. FOCUS-LIMITED TEMPORAL RESPONSE

For calculating the focus-1imited image width parallel to the streak
direction, the slit width 1s modeled by the starting coordinates of the
selected electron trajectories. Trajectorles starting from a single point
on the photocathode simulate 11lumination thr.igh a narrow s1it or fiber.
Trajectories starting from a set of equally spaced points along the

photocathode surface simulate i1lumination through a wide slit. See Figs. 7

and B.

The velocity distribution of the photoelectrons emitted from the
photocathode depend on the incident photon energy and the photocathode
material. The image width in the temporal direction depends on the inttial
transverse velocity distribution of the photoelectrons, while the transit-

time spread between the photocathode and phosphor screen depends on the

- 14 -
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Figure 7. Electron trajectories for a narrow slit simulation of streak tube
operation. The plot shows selected electron trajectories, equipotential
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Figure‘s. Electron trajectories for a wide slit simuiation of streak tube

operation. The plot shows selected electron trajectories, equipotential

lines, and electrode profiles. The trajectories start from points uniformly

spaced across the photocathode. The extraction grid, focus—grids, and anode

are biased at 2.25, 2.05, 0.825, and 15 kV, respectively. Trajectories are

gégtted for O eV electrons. Spacing between trajectory starting points is
pm.
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initial axial velocity distributton of the photoelectrons. Four
trajectories from each starting point are used to model the velocity
distributions. The transverse velocity distribution is modeled by two
electrons having equal energies but in opposite directions parallel to the
photocathode surface. The axial velocity distribution is modeled by one
electron with no initial energy and one with an axial energy equal to 70

percent of the photon energy above the photocathode work function.

Figure 7 shows electron trajectories that simulate the photocathode
being 11luminated through a narrow slit by 1ight of several different
wavelengths. The electrons emitted with different tangential energies focus
to an image plane that coincides with the plane of the phosphor screen when
the focus grid voltage is 1,000 volts. The image plane moves toward the
photocathode for lower voltages and further away for larger voltages.

Figure 9 shows the image width at the screen plotted as a functior of
focus-grid voltage for the transverse energies of 0.03 eV and 0.125 eV, The
optimum focus voltage is independent of the incident 1ight wavelength. The
image width is also independent of wavelength at the optimum focus grid

voltage. The slope of each curve away from the optimum focus voltage

Greater transverse energy causes a greater slope.

The electron trajectories shown fn Fig. 8 simulate the photocathode
being 11luminated through a wide s1it by photons with an energy equal to the
work function of the photocathode. Only trajectories starting from about a
1.5-mm wide strip of the photocathode centered relative to the extraction-

grid slot pass through the anode aperture to the phosphor screen. The

- 16 -



electrons emitted from points within this wide strip converge at a plane
that coincides with the phosphor screen for a focus-grid voltage near 1,100
volts. The focal point moves toward the photocathode for lower voltages and
further away for higher voltages. Figure 1¢ shows the image width of the
wide slit plotted as a function of focus-grid voltage for transverse
energies of 0 eV. The image width shows a strong dependence on focus-grid

voltage and has a minimum at 1,100 volts.

4.2. SPATIAL RESCLUTION

The voltage applied to the extraction grid forms a cylindrical lens.
Note that there 1s no transverse electric field perpendicular to the sweep
direction in the space between the photocathode and extraction grid.
Simulation of the spatial focusing is done by assuming the extraction grid
is a fine mesh biased at a constant potential. Electron ray tracing shows
that the spherical lens formed by the focus grid and anode is too weak to
focus the photoelectrons in the spatial direction. The ontput spot size
increases with increasing transverse energy of the photoelectrons. With the
extraction grid voltage set at 2,250 volts, the image width appears to be

independent of the focus-grid voltage {grid 3} for values between 500 and

1,100 volts.

5. SUMMARY
The focusing properties of the ITT F4157 image tube operating as a fast

streak tube are presented. They were measured using static technigues and

include the dependence of temporal and spatial resolution on input slit

- 17 -
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width, {ncident-photon energy, and focus-grid voltage. The static data are
used to accurately predict the measured dynamic response of the camera to a
1-ps laser pulse. Simulatior of streak tube operation using an electron ray

tracing program is described. The simulations predict and explain the major

features of the static characteristics.

For the bias voltages used on the streak tube, the temporal resolution
is found to be 1nsensitive to s1it width. Temporal resolution is also
relatively insensitive to focus voltage for a narrow slit, but not for wide
s1it. The spatial resolution at focus-grid voltages producing reasonable
temporal focusing is nearly independent of the focus-grid voltage. Both

temporal and spatial resolution depend on the incident-1ight wavelength.

Streak camera operation is modeled with a computer program that
talculates photoelectron trajectories. Simulations using selected electron
trajectories describe all of the observed effects of s1it width, incident-
1ight wavelength, and focus-grid voltage on the output image width. The
focus-grid voltage controls the axial position of best temporal focus. It
coincides with the phosphor screer at focus-grid values of 1,100 volts for
a wide s1it and 1,000 volts for a narrow slit. Lower voltages form a
stronger electrostatic lens and move the image plane towards the photo-
cathode. The temporal image width depends on the initial transverse energy
of the photoelectrons parallel to the sweep axis of the tube while the
spatial image width depends on the transverse energy perpendicular to the

sweep axis of the tube.
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